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1. Executive summary

We prupose a research project on the effects of introduced species in the food web
supporting several fish species of concern of the San Francisco Bay-DeJta estuary. The
research will focus on the early life stages of delta smelt, Iongfin smelt, end striped
bess~

The estuarine ecosystem has been greatly altered through introductions of exotic
species which may limit the effectiveness ef rehabilitation actions, Most ofthe
alterations have occurred in the lower feedweb, end effects on the lower foodweb are
reasonably well-understood. Whet remains unknown, and is the topic of our research,
is how these foodweb alterations influence the key fish species that depend on that
foodweb, and what rehabilitation actions might be effective in the context of the altered
foodweb.

CALFED documents justifiably emphasize rehabilitation actions in preference to
research. However, for fish species of concern in open waters of the estuary, few
actions have been identified, and none with much certainty about their effectiveness,
The reason is the lack of knowledge about the function of this ecosystem, Ihe likely
outcome of different, alternative actions, and the role that introduced species have in
limiting options for rehabilitation. Our proposed research will fill key gaps in knowledge
and help to suggest ideas for actions that might result in improvements for these key
species.

CALFED Ecosystem Restoration Program documentation strongly supports the need for
research on effects of introduced species on the estuarine toodweb. First, the Strategic
Plan for Ecosystem Restoration includes as Goal 5 prevention ef establishment of non-
indigenous introduced species (NIS), and reducing their negative biological and
economic impacts, but Ihe negative iropacts of NIS in the estuary have yet to be
determined. Second, according to Strategic Plan Goal 2, the ecosystem is to be
rehabilitated through the use of natural processes to support native species. However,
we understand vary poorly the capacity of the estuadne ecosystem to support natives,
anP how the numerous introductions have altered this capacity.

The need for research on the effects of N[S is spelled out repeatedly in OALFED ERP
documents. For example, ",,,it is important to initiate an eerly program that: ... develops a
better understanding of how non-native species effect ecological processes and
biological interactions, ..." (Strategic Plan). "A major obstacle to solving problems of
estuadne productivity is our poor understanding so solutions will have to come from
research aed monitoring ... "(ERP Vol. I p. 46). "(The reduction in estuarine toodweb
productivity) implies a limff on the extent to which Bay=Delta fish populations can be
restored unless creative solutions can be found to increase foodweb productivity"
Vol. 1 p.

The creatlve solutions called for have not yet been found, to our knowledge. Thus, the
need for the research that we propose has been clearly indiseted by the CALFED ERP,
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and is clearly supported by the current state of scientific knowledge about the estuarine
foodweb.
The objectives of the proposed research are to answer the following questions:
"1. How has the Asian clam Potamocorbula amurensis altered the feeding

environments of fish species of interest?
2. How are native and introduced zooplankton species used as food by these fish?
3, What are the competitive and predatory relationships among the native and

introduced species that explain their persistence?
4. What is the production rate of food, both native and introduced, for young fish in

the Bay/Delta, and could it be increased?

The three species ef fish were chosen not only for their importance in restoration of the
estuarine ecosystem. They also provide a contrast in life histories and likely responses
to environmental conditions and introduced species, particularly lhe clam P. amurensis.
This contrast should enable us to distinguish among responses to these influences.

We plan to emphasize the use of existing data and samples and relatively simple
models over more expensive field data collections and experiments. We also expect to
take a staged approach, roughly in the order of the research questions, to maximize
learning at each stage and make the succeeding stages as efficient as possible.

The proposed research will comprise 5 broad tasks; I) Anal}sis of existing data on co-
occurrence nf fish and their prey, and on the inputs of various sources of orgaelc matter
to the eetuarine ecosystem; 2) Modeling to set up a framework for the analyses and
experiments, and to investigate the limits that system p~oductivity places on increases in
fish populations; 3) Fish sample analyses to increase information on the feeding
relationships among the fish and their zooplankton prey and how those have changed
since the spate of introductions; 4) Experiments on interactions between fish and their
prey, and among the various zooplankton species; and 5) Synthesis of the overall results
into a comprehensive and detailed conceptual model.

Products from this research program will include regorls detailing the role of introduced
species in the foodweb, the effects of these species on the fish species of interest and
the estuadne ecosystem as a whole, and the potential for lifting limits on system
productivity or population abundance within the system as it now exists.

The research team submitting this proposal is uniquely suited to carry out the research,
and to provide an interpretation relevant to CALFED’s goals. The Lead Principal
Investigator (PI), Wim Kimmerer, has extensive experience in all aspects of the
proposed research in the Bay-Delta estuadne ecosystem and elsewhere. His
experience as a member of the Core Team for the ERP Strategic Plan gives him the
perspective to ensure that this project is not merely an academic research project, but
that il has direct relevance to the ERP, Dr. Steve Bollens is a world-renowned expert on
zooplankton and on interactions between fish and zooplankton. Dr. Bill Bennett is well
known for his research on various aspects of Bay-Delta fish populations, particularly on
environmental and human factors controlling early survival and population abundance.

Kimmerer, Bollens, Bennett Proposal Page 2
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2. Project Description

We propose a research project on the effects of introduced species Jn the food web of
the San Francisco Bay-Delta. Emphasis is on the forage organisms for speoies
inhabiting brackish parts of the estuary, particularly several species of concern, delta
and Iongfin smelt, as well as early life stages of striped bass.

Radical changes in the estuadne foodweb due to introduced species may affect growth
or survival of these key species of fish. This issue is of central importance to CALFED’s
efforts to restore the Bay Delta ecosystem using natural processes: if the foodweb has
become lass productive er less efficient at supporting fish, then the scope for restoration
may be greatly reduced. As discussed in the next section, a clear understanding of the
functioning of the currently-existing ecosystem can help CALFED spend its limited
restoration budget on activities most likely to have positive effects.

The proposed research has a tight focus in geographic scope and aubjecl matter, We
intend to concentrate on the northern estuary in and seaward of the Low-Salinity Zone
(LSZ, er Entrapment Zone, KJmmerer etal. 1998a). The research emphasis will be on
effects of the clam Potamocerbuta amurensis, and several key introduced zooplankton
species, in altering the foodweb of the three selected fish species.

The clam P. amurens]s has been the most significant introduction to the foodweb of the
hreckJsh estuary in several decades. Since this clam became abundant in 1987,
chlorophyll levels in the Low-Salinity Zone (or Entrapment Zone) have been roughly 5-
fold lower than before, evidently because of filtering by the clam (Alpine and Cloem 1992,
Kimmerer and Orsi 1996). There is good evidence that P. amurensis is also capable of
filtering bacteria from the water column at a moderately high rate, reducing the biomass
of bacteria available to convert dissolved organic matter to living biomass (Wemer and
Hollibaugh 1993). Thus, productivity at the base of the food web in the northern estuary
has apparently been severely reduced by the introduction of this clam.

Severe declines in several native (or naturalized) zooplankton species coincided with the
arrival of P. amurensis, probably due either to competition for food, or to inadvertent
predation by P. amurensis on young stages of the zooplankton (Kimmerer etal. 1994,
Kimmerer and Orsi 1996), .At around the same time that P. amurensis became
abundant, several Jntreduaed ~;00plar~kt0n species appeared and baca~le highly
abundant, possibly reducing the impact ofthe decline in natives (Orsi 1995). However,
some of these new zooplankton species have different seasonal patterns and life
histories from species in the previous communlty (Kimmerer 1999), which may affect the
rate of trophic transfer from phytoplankton and exogenous organic carbon through
zooplankton to fish.

Thus, we have ample evidence that various important aspects of the estuarine foodweb
have changed, including at least a reduction in overall productivity and a change in
species and size composition of important prey of young fish (Figure IA). However, the
evidence for the link to fish has not been developed and at this point is based mainly on
correlative data. Specifically, a decrease in abundance of some species has been
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obse~ed that more-or-less coincides in time with the changes in the food web (Figure
1B). The evidence overall is inadequate to suppor~ decisions about how best tO spend
limited restoration funds in the estuary. Thus, CALFED needs to know how the
between fish and their zooplankton prey haa been altered by these introductions.

An ongoing research project funded by IEP is investigating the effect of the clam on
abundance of various zooplankton species, with the principal objective being to
understand the meshanisme by which some species are much more affected by the
clam than others (Kimmerer). This p~’oposal to CALFED represents a logical extension
of that research to develop an understanding of the quantitative implications of the
introduction of the clam, us well aa other foodweb changes, for fish species of cnncem,

Objectives of the proposed research are to answer the following questions:
5.    How has the clam P. amurensis altered the feeding environments of fish species

of interest?
6. How are the various native and introduced zooplankton apecies (copepeds,

mysids, end amphipods) used as food by larvae and juveniles of longfin and delta
smeff and striped bass?

7. What are the competitive and predatory relationships among the native and
introduced species that explain their persistence?

8. What is the production rate of food, both native and introduced, for young fish in
the Bay/Delta, and could it be increased?

Theae questions will be answered through s combination of field sampling, laboratory
studies, data analysis, and modeling. We expect to collaborate with researchers
investigating sources of organic carbon into the upper estuary (e.g. USGS, UC Davis),
and those investigating various aspects of fish ecology and abundance patterns (e.9.
UC Davis, CDFG).

The three species of fish were chosen not only for their Importance in restoration of the
estuarine ecosystem. They also provide s contrast in their apparent responses to
environmental conditions and to introduced species, particularly the ,"lam P. amurensis.
Longfin smelt has the strongest relatlonshJp to X2 of all specles in the estuary and
declined the most strongly in the late 1980’s (Kimmerer 1998, see Figure 1), following
years of drought and the introduction of P. amuransis and several new planktonic
species. This decline suggests that food resources for Iongfin smelt have declined.
Delta smelt do not show such a decline, possibly because their abundance fluctuates
wildly and because they do not have a strong X2 rel~tlonship from which deviations can
be measured. However, larval delta smelt feed mainly on the native (or long-term
naturalized) copepod Eurytemora all’rots and to a much lesser extent on the introduced
copepod Pseudediaptornus forbesi (Nobriga 1998), and thus delta smelt may be
vulnerable to the effects of Introductions. Survival of young striped bass is closely
related to X2, but did not show a decline when the food web changed (Kimmerer 1997;
Kimmerer et el. submitted), and it may feed effectively on many species (see Gartz 1999
for iuvoniles).

Kimrnerer~ Bollens, Bennett Proposal Page 4
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The CALFED Non-Indigenous Introduces Species (NIS) team has recommended the
portion of this study dealing with P. amurensla (Question 1) for funding as a directed
program We believe the four questions are closely linked and should be investigated
as a single project. For example, an assessment of the effect of P. emurensi~ through
its effects on the forage organisms of delta smelt would logically be conducted as part of
a study of all food organisms of delta smelt, including the introduced zooplankton
species that have supplanted those most heavily reduced by P. amurensi&

General research approach: We discuss details of methods in Section 5. Overall
approaches for each research questlon are glvan below. We plan to emphasize the use
of existing data and samples and relatively simple models over more expensive field
data collections and experiments. We also expect to take a staged approach, roughly in
the order of the research questions, to maximize learning at each stage and make the
succeeding stages as efficient as possible.

Question 1 (effect of P. amuren~is): We will examine existing data on distribution
patterns of the fish species, their zooplankton prey, and sources of organic carbon to
determine the likely degree of co-occurrence dudng the lan/al and eady juvenile stage.
We will develop a box model of energy flow and trophic transfer through the food web,
based on existing data, to estimate the upper limit on energy supply to the fish and how
that has changed with the introduction of P. amureosis.

Question 2 (native and introduced zooplankton as food) : Using fish collected in existing
sampling programs, we will examine gut contents to determine the extent to which fish
prey on introduced vs. native species. Where data are available from before 1987
(mainly for striped bass), we will compare gut contents and condition indices to
determine the exlent to which feeding condltions have changed. Laborator~ experiments
will be conducted using fish obtained from culture facilities (delta smelt, striped bass) or
from the field (Iongfin smelt) to determine the basis for food preferences.

Question 3 (interactions among zooplankton): Laboratory experiments on predation and
feeding will be conducted to determine the trophic positions of the key zooplankton
species and their interactions, The results will be interpreted using field data on
seasonal and spatial abundance patterns.

Question 4 (production rate): Growth rate of key sdecies will be measured In the field or
the laboratory, and the degree of food [imitation will be determined. Production rates will
be determined as the product of growth and biomass, and the foodweb model
developed under Question 1 will be updated with these results. This model will then be
used to explore the effects of alternative scenarios for rehabilitation of system
productivity.

Kimmerer, Bolleas, Bennett Proposal     Page 5
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3, Ecological/Biological benefits

The overall mission of the CALFED Ecosystem Restoration program is to rehabilitate the
ecosystems of the Bay-Delta and watershed. Why should CALFE~D fund research such
as this, which will result in no direct improvement of the estuarine ecosystem’?. We
argue below that, for open waters of the estuary, rehabilitation aetiona ere notyet
warranted because eta lack of knowledge. This proposed research will fill some key
gaps in knowledge, and should provide insights to help develop effective rehabilitation
actions.

Our proposal addresses the ecological effects of introduced species, which are cleady
important to CALFED. Several species introduced during the last 12 years may limit the
possibility to achieve CALFED objectives for rehabilitation of eatuarine-dependent
species. Future introductions will have unknown effects but they could be serious. For
this reason, the Strategic Plan for Ecosystem Restoration lists as Goal 5: Prevent
establishment of addffio~lal ~lon-native species and reduce the negative biological and
economic impacts of established non-native species. Other actions will address
controls on new introductions; our proposal will determine what the negative biological
impacts of cerlain non-native species are, and if possible suggest ways to reduoe them.

This proposal also speaks to Strategic Plan Goal 2: Rehabilitate the capacity of the
Bay.Delta system to support, with minimal ongoing human intervention, natural aquatic
and associated terrestrial biotic communities, in ways that favor native membem of those
communities. The basic problem is that we have only a poor understanding of the
capacity of the estuadne ecosystem to support natlves, nor do we understand how the
numerous intraductlons have altered the functioning of this ecosystem.

CALFED has clearly recognized the need for research on issues relating to non-
indigenous species (NIS) and their effects on the estuarine foodweb. The need for
research on the effects of NI8 is spelled out repeatedly in the CALFED ERP. For
example, "...it is important to initiate an early program that’..., develops a better
understanding of how non-native ape�ice affect ecological processes and biological
interactions, ..."(Strategic Plan). CALFED has formed a committee to recommend
research and other projects on NIS for funding as directed programs; portions of our
proposed project have been recommended for inclusion as a directed progrem~

Natural ecosystem processes in the tidal reaches of the Bay-Delta system have been
heavity altered by the introduction of non-native species. Introduced species, particularly
the clam Potamocorbula amurensis, have had significant negative effects on system
productivity (ERP Vol. 1 p. 98). Most of the dernenstrated effects have affected lower
trophic levels for which mechanisms of direct effects have been identified (Alpine and
Cloern 1992, Warner and Hollibaugh 1993, Kimmerer etal. 1994). There is also
evidence for effects, presumably indirect, on higher trophic levels including Iongfin smelt,
a species of concern to CALFED, as well as other important forage species such as bay
shrimp, herring, and starry flounder (Kimmerer 1998). Mechanisms are unknown, but
13robably include competition with and predation on native species, and alteration of the
feeding environment of natives (e.g. Kimrnerer and Orsi 1996).

Kirnmcrcr, Boilcns, Bennett Propose] Page 7
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The need for research on the functioning of the estuadne food web aJao was recognized
in the ERP as a practlcal, rather than academic, need: A major obstacle to solving
preblema of estuarine productivity is our poor understanding so sotulJons will have to
come from research end monitoring of effects of various ecosystem restoration projects
(ERP Vol. 1 p. 46). Although this statement refers to restoration projects, we suggest
that in the absence of sufficient understandlng to decide what those projects should be,
the research should be conducted on the basis structure and function of the ecosyatem.
This too was recognized in the ERP: "(The reduction in estuarine ecosystem productivity)
implies a limit on the extent to which Bay-Delta fish populations can be restored unless
creative solutzons can be found to increase foodweb productivity" (ERP Vol, 1 p. 98).

The "creative solutions" referred to above have not yet materialized, to our knowledge,
and with good reason: in contrast to rivers and marshes, only a limited number of
actions are likely to alTect the open-water estuarine region. We are aware of only two
suggestions for enhancing productivity of the estuarine food web. The first is to use
freshwater flow to increase the benefits provided by the X2 sLandard, which was
proposed in the Anadromous Fisheries Restoration Plan. Although this action might
enhance abundance of Iongfin smelt and early survival of striped bans, it is expensive In
terms of water and would have only limited effectiveness, and is therefore controversial.

The second proposal is to increase the extent of tidal marsh habitat throughout the
brackish estuary (as well as ups~earn), increasing the area of nursery habitat for some
fish species, and might enhance the estuarine feodweb by increasing production and
expert of organic carbon. This potential benefit is based on several assumptions that
have been controversial for decades in regions where tidal marshes form a much larger
part of the landscape than in the San Francisco Estuary; recent research suggests Ihat a
significant export may occur in the form offish biomass (Kneib 19xx). However, the
magnitude of the benefit is completely unknown here. Furthermore, organic carbon
exported as detdtus from marshes must still make its way through the foodweb, and is
therefore subject to the same constraints in the foodweb as we have identified above.

How might the results of our research be used to develop strategies fer rehabilitation of
the estuarine ecosystem? This is difficult to answer: if we knew the answers to the four
questions posed above, we would not need to do the research. For example, if our
research showed that delta smelt have a lower eady growth rate because of reduced
abundance of the copepod Eurytemore affinis in late spring-summer, and that feeding
on the introduced species Pseudodiaptemus forbesi is low because of a spatial or
temporal mismatch in abundance, rehabilitation actions might include: 1) adjusting the
X2 standard within the spring season to prolong the high abundance of E, affinia by
suppressing the spring seffiement of P. arnuransis; 2) adjusting the X2 standard
between years to maximize food production when P. amurensis is less abundant ; or 3)
emphasizing other rehabilitation efforts (e,g., flow pulse& export reductions) in years
when the mismatch between delta smelt and its prey can be reduced. These
hypothetical actions illustrate the general principle that management actions are moat
effective ff they are based on derailed understanding of the system being managed.

K, Jmrnerer, Bollens, Bennett Proposal Page 8
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Related Projects: Several existing or proposed projects may provide synergistic benefits
to this study. Two of us (WK, BB) are working on several projects on productivity in the
lower foodweb of the estuary, particularly on the effects of P. amumnsis on zooplankton
and the effects of inland silversides and contaminants on delta smelt. One of us (SB) is
collaborating with the USGS to study effects of selenium on zooplankton, and another
(WK) is collaborating with the San Franciso Estuarine Institute on a CALFED proposal
on contaminant effects on foodweb species supporting fish of concern. RTC has
submitted a proposal to EPA to investigate potential ecological indicators, including
growth and condition of larval hen’ing and reproductive rate of copepods (SB, WK). RTC
will collaborate with several institutions in a proposal to the National Science Foundation
for the Long-Term Ecological Research program, for a project on the capacity of the
estuadne ecosystem to support higher trophic levels. If funded, that project will
complement the project proposed here by examining related issues further seaward in
the estuary.

Issues not addressed: Several issues are relevant to our proposed research but are
beyond the scope of the current proposal,

The first such issue is contaminants, which may play a role in the variability of
zooplankton prey or the survival of larval fish (e.g., Bennett et el. 1995). Investigating this
complex and diverse issue would require a much broader research effort then we have
proposed, and would increase our budget by a substantial factor. One of us (BB) has
been funded by CALFED to investigate the potential influence of contaminants on delta
smelt. Another (WK) is a collaborator on a proposal to CALFED to address effe~s of
contaminants on foodweb organisms, These or similar projects might help us identify
contaminant effects. The effects of contaminants may be less important in the brackish
region of the estuary than biotic relationships. First, pulses of contaminants from
agricultural drainage may be reduced through dilution and mixing in this region (Chris
Foe, Sacramento RWQCB, pars, oomm,). Second, the observed changes in
zooplankton and Iongfin smelt (Figure 1) have been ladle and persistent, and therefore
unlikely to have arisen from sporadic and variable inputs of contaminants. Nevertheleaa,
we will be alert to results suggesting that contaminant effects are important, and will
respond by altering our work plan in consultation with CALFED end investigators incontaminant-effect~ work

The second issue is the effects of introduced species in other parts of the watershed.
For example, there is good reason to expect an affect of mitten crabs on the food web of
the rivers and Delta. Also, the clam Cerbicuta, abundant in the Delta for several
decades, may affect the planktonic foodweb in that ~egion in a way similar to P.
amurensis in the brackish estuary. We think both of these issues should be addressed,
hut that including them in this proposal would dilute our effort excessively,

Kirnmerer, Bellens, Bennett Proposal Page 9
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4, Technical feasibility end timing

Regarding feasibility, all of the methods to be used [n the proposed research have been
tested and all of them are feasible. Furthermore, at least one end in most eases oil
Principal Investigators on our reseerch team hove conducted research using eoch of
these methods. Of course, research often uncovers surprises, and there is no
guarantee that results will be unequivocal, Nevertheless, our conservative choice of
scientific approach, and the extensive experience of our reseorch team, will maximize
the likelihood that the outcome will provide the needed knowledge.

We plan to conduct the research in stages, roughly corresponding to the four questions
above. The duration of the project is 3-t/4 years, which we believe is a reasonable
duration to achieve the results anticipated. We anticipate beginning work in October
1999.

Year 1: in the last 3 months of 1999, we will work with CALFED staff, member agencies,
and university scientists to review and flesh out our project, and develop collaborative
relationships with other projects. Wa will aiao determine the sample design for gut
analyses end experimental design for laboratory work, prepare and submit a detailed
work plan, and purchase supplies and equipment for the laborotor~ and field work.

Year 2: we will conduct analyses of existing data and set up productivity and box models.
Samples of fish for gut analysis will be obtained from the relevant scrupling programs
and the analysis will begin. Based on resulls of data analysis and modeling, we will
publish an analysis of the likely effect of P. amurensis on key fish species. We will
conduct pilot experiments on feeding relationships.

Year 3: We will finish the analysis ef fish gut contents and analyze dote fOr the model.
We will also begin full-scale experimental work on fish predation and zooplankton
inleractions.

Year 4; We will complete experimental work, calculate the productivity data, and refine
the box model. We will then use the model to investigate alternative ideas about the role
of introduced species in the foodweb, and about the potential for improving system
preductivi~.

We will prepare results for presentation to CALFED management and for publication in
technical journals. Quarterly reports will be brief summaries of work completed in the
previous quarter, with copies of any interim reports or publications based on our work.
Annual reports including data reports will summarize progress to date. The final report
will comprise a compilation of sclenoific papers submitted or published, along with a
synthesis of the results and an interpretation of the implications of these results for
rehabilitation of the estuarlne ecosystem, and data in MSAccess format, Throughout the
project, but particularly during this wrap-up phase, we will be aveilable to make
presentations or otherwise to discuss our results and the implications for rehabilitation
of the estuarine ecosystem,
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5, Monitoring a.d data collection methods

Five research tasks are identified below, with initials indicating which Principal
Investigator (PI) has primary responsibility, although all Pl’s will participate in all tasks.
Table 1 shows each component of the ~search in relation to the four research
questions.

Analysis of existing data (WK) will use modern methods ef data analysis to discern
patterns of distribution and co-occurrence of fish and prey (Cleveland 1993, Venables
and Ripley 1997). Existing data are readily available fi’om II"p and other sources, and
the Pl’s have extensive experience in analyzing these data (e.g., Bennett and Moyle 1996,
Kimmerer et el. 1998a). Sources of organic carbon will be determined according to Cole
and Clears (1984) and Jassby et el. (1993) and from the current USGS study of sources
of organic carbon to the estuary.

Modeling; (WK) We will develop a simple model of energy flow and t~phio transfer
through the food web. Initially based on existing information, this model will be updated
using new data from this and other studies. We expect to draw on the results of the
U£GS study to provide some inputs to the model. This model should provide valuable
insights into the limits on system productivity imposed by introduced species. The Lead
PI on this task has extensive experience in various kinds of models (e,g,, Smith et el.
1985, Kimmerer 1987, Jassby et aL 1995, Kimmerer et el. 1991, 1998a, b, Rose et el. in
prep.).

Fish sample analyses: (BB) Gut contents and condition of fish from ongoing collections
by IEP and ethers will be used to assess the extent to which fish prey on introduced vs.
native species (e.g., Nobriga 1998. Lott 1998), Such analyses are useful in determining
the prey being used by the fish, but less useful in determining the rate of predation or the
degree of feod-limitatiun, Consumption raLes will be estimated using standard
bioenergetics models (e.g., Brandt 1993) for insertion into the trophic model above.

Experiments (SB) will be conducted on selective predation by fish on alternative
zooplankton prey, predatory and other feeding relationships among the zooplankton, and
growth rates of Zooplankton (e.g., Kimmerer and McKinnon 1987, 1989; Bollens and
Frost 1991, Bollens et el. 1993; Bennett 1993). These experiments will be conducted
under controlled conditions in culture tanks at the Romberg Tiburon Center, or in
containers in the estuary. Fecdlng and growth rates of freshwater zooplankton are being
measured at UC Davis under the USG$ program, end we will continue close contact
with those investigators. We will also determine body weights of common zooplankton
species to develop biomass estimates from exlsting field data on abundance of
zoopJankton.

Synthesis (aJl) will be an open and cellaborative effort involving the Pl’s of this project
and other scientists at RTC and LIC Davis. We will present preliminary results of our
work at meetings of the Estuarine Ecology Team and at the annual conference of the
Interagescy Ecological Program, as well as at nationat scientific meetings. Results will
be published in peer-reviewed journals to ensure quality oontrol at conceptual and
synthetic level,
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Table t. Monitoring and data collection information

Question Data collection Data evaluation Comments
All fnur questions Existing data Expleratory analysis Some data are

available tar all

phytoplankton (1984) productivity

4. System pr~ductivit~f analyses

electivity
2. Fish diet Feeding Sele~tioo for or        Fish from existing

axperrments a~a[nst each species culture facilities
2. Fish diet Existing data and Bloenargetics model

3. Zooplankton Feeding and 8election for or
interactinns predation against differenl

experiments food/prey types

experiments
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6. Local Involvement

As a research project, the proposed effort would not benefit by local involvement, nor is it
associated with any particular jurisdiction. All of the work will take place either in
laboratories or in the open waters of the estuary (Delta, Suieun, San Pablo Bays), with
access gained by boats. Although these regions fall within the geographic boundaries
of several counties, to our knowledge the counties have not exercised jurisdiction over
research in estuarJne waters.

We anticipate no third-parW impacts of this work,
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7,    Cost

Detailed budgeted costs, broken down by task and quarter, are provided in the tables
below. A brief justification of these costs is as follows,

The Co-Principal Investigatora, W. Kimmeter, S. Bollens, and B. Bennett will each devote
from 1.0 to 3.5 months of time each year to the project, They will be responsible for
overseeing all aspects of the project, including field collections, labnrefory experiments,
sample analyses, data reduction, statistical analyses, and writing of final reports and
manuscripts reporting results of the research.

Two Research Technicians, Mr. Seen Avent and Ms. Carolina Penanua, will each devote
6.0 months to the project in each year. They will assist with all aspects of the research,
but will focus en the field and laboratory studies, They have more than 10 yrs experience
in marine ecology and fisheries, including extensive work in SF Bay.

Support is requested for three graduate students. One will focus on data analysis and
modeling (supervised by Kimmerer), one will focus on experimental fish-zooplankton
studies (supervised by Bollens), and one will focus on diet studies (supervised by
Bennett). It is anticipated that some aspect of the proposed research will develop into
these students’ MS theses

Funds are requested under travel for (1) local, in state travel of 2 trips per month
between Sacramento, RTC and/or MBL (24 trips x 200 miles RT x $0.31 per mile --
$1,500 per year) and (2) one national scientific meeting (e.g., Estuarine Research
Federation or American Society of Limnology and Oceanography) per PI per year ($1,500
per trip x 3 Pie = $4,500 per year).

Funds are requested under Equipment for the purchase of (1) a desk-tap computer, (2)
a dissecting microscope, and (3) two plankton incubators. These items are essential to
the successful completion of the proposed research.

Funds are requested under Materials and Supplies for purchase of miscellaneous field
(e.g., plankton nets, glassware, preservative, etc.), laboratory (e.g,, microscope bulbs,
glassware, sorting trays, eto,) and computer supplies (e,g,, software upgrades,
computer dfskettas, printer cartridges, paper, etc.) each year.

Funds are requested under Other Direct costs for (1) ship time for the 38-ft Questuary
($500 per day repreeents a 50% discount on the full rate), (2) communications such as
telephone, FAX, and express mail, (3) graduate student tuition, (4) publication costs
(e.g., page charges in Journal of Marine Research @ $35/page), and (5) the Bodega
Marine Lab sub-contract to support Dr. Bill Bennett and his graduate student.

Indirect costs rates are prescribed by the University (51% federal; 15% state), in
negotiation with the cognizant federal or state agency.

Project Management costs have been budgeted within the PI salaries and represent a
modest (10%) ~’actien of overall costs.

The schedule of tasks and payments can be seen in the detailed budgets below, as well
as under the "Technical Feasibility and Timing" section above.
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8.    Cost-shadng

The three Pie have several on-going proiects and pending proposals that will allow them
to leverage and make more efficient u~e of the funds being requested of CALFED, The
relevant curr~r~t and pending proposals are given below.

Current
¯ W. Kirnrn~rer: Potamocorbula Revisited: a further look at effects of species

introductions; Interagency Ecological Program; 4 month time commitment; 10/01/98
12/3t/00; $80,259: SFSU/Tiburon.

¯ W. Kimmerer: Zooplankton monitoring pilot study; 3 month time commitment; 8/1198~
12/31199;$60.283: SFSUfTiburon.

¯ S.M. Bollens: Selenium Effects on SF Bay Zooplankton; USGSlCALFED ; No Salary
F~equested; 9/1/98-8/31100; $50,100: SFSU.
S.M. Bollens, L. Maddin: U.S, GLOBEC: Predation Impacts on Target Species: Roles
of Frontal Processes and Small Predator Species; NSF; 1 month time commitment;
111t9912/31/01; $287,355: SFSU.

¯ B. Frost (UW), J, Cordell (UW), & S,M. Bollens - Effects of the Invaslve Asian Copepod
Pseudodiaptomus on Pacific Northwest Estuaries; NOA,~SeaGrant; No Salary
Rsquested:l11198-12/31/O0; $182,462: SFSU.

¯ W. Bennett, W. Kimmerer Effects of exotic inland silversides on delta smelt; $70K.
8/1/98--12131/99: UW.

¯ W. Bennett, W. Klmmerer, Jon Burau: Entrapment Zone Studies ’98; USGS. $43K.
4/1/98--3/31/99:

Pending
R. Dugdale, S.M. Bollens, W. Kimmerer, J. Thompson, D. Julian F. Wilkerson, A. Arp:
Integrative Indicators of Ecosystems Condition and Stress Across Multiple Trophic
Levels in the San Francisco Estuary,;EPA; ; 1 month time commitment;10/1/99-
9/30!02; $881,062: SFSU.

¯ S.M. Bollens: CO-OPEffects of Wind Driven Transport in Zooplankton; NSF; 1 month
time commitment;1/1/00-12/3t/04; $799,190: S FSU.
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9. Qualifications

The proposed research will be conducted at the Romberg Tiburon Center (RTC), a
research and teaching facility of San Francisco State University (htlp://r~c.afsu.edu/), end
at the Bedega Marine Laboratory (BML), associated with the University of California at
Davis. Both taberatories are equipped with laboratory space, seawater systems, and
other facilities suitable for the experimental work proposed.

This effort will be led by Dr. Wim Kimmerer; other Principal Investigators are Dr. Steve
Bollens (RTC) and Dr. Bill Bennett (BML). Dr. Kimmerer was a member of the CALFED
Strategic Planning Core Team, which could represent a potential conflict of interest;
however, that role was advisory and at. a very general level. Each PI will take the lead in
one or more of the element8 of the proiect, as described in Section 5.

Principal Investiaators:

Dr. Wire Kimmerer, Senior Research Scientist, Romberg Tiburon Center. Dr.
Kirnmerer raoeived his Bachelor’s degree in chemistry from Purdue Univarslty and his
PhD in biological oceanography from the University of Hawaii. Dr. Kimmerer has
conducted research in Hawaii, Australia, several tropical Paoifio islands, Alaska, and
California. Dr. Kimmerer’s research interests include the influence of predation on
community structure, population dynamics of zooplankton and fish, the interaction of
plankton with their physical environment, and the influences of species introductions
and other human activities on estuadne anvirenments. He has published several
papers on lhe influence of introduced species on the ecosystem of San Francisco Bay.
He is an expert on the effects of varying freshwater flow on the eatuarine ecosystem, and
has worked with various technical teams to resolve complex issues regarding
management ef the estuarine ecosystem. He led a team of agency and university
scientists studying interactions between circulation and movement of o~anism8 In the
low-salinity zone of the estuary. He has also conducted extensive analyses and
modeling studies ef the population dynamics of chinook salmon and striped bass in the
Bay and its watershed. He is Chair of the Interageney Ecological Program’s IEstuarine
Ecology Team.
Reoresentive publications:
Kimmerar, W.J., E. Gartside, and J.J. Orsi. 1994. Predation by an introduced clam as

the probable cause of substantial declines in zooplankton in San Francisco Bay.
Marine Ecology-Progress Series 113;81-93,

Kimmerer, W.J. and J.J. Oral. t996. Causes of long-term declines in zooplankton in the
San Francisco Bay estuary since 1987, pp. 403424 in San Francisco Bay: The
Ecosystem. J.T. Hollibaugh (ed.). AAAS, San Francisco.

Dr. Stephen Bollens is Associate Professor, Department of Biology and Romberg
"l’iburon Center for Environmental Studies, and Assistant Dean, Office of Research
and Sponsored Programs, San Francisco State University. He received his Ph.D. in
Biological Oceanography from the University ef Washington in 1990, and spent two
years as a Postdoctoral Scholar (’90=92) and 4 years as Assistant Scientist (’92296) in
the Biology Department, Woods Hole Oceanographic institution. Dr. Bollens’ research
interests include behavioral ecology, population dynamfcs, and community ecology of
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9. Qualifications

The proposed research will be conducted at the Romberg Tiburon Center (RTC), a
research and teaching facility of San FrancisCo State University (http:fl’rtc.sfsu.edu/), and
at the Bodega Marine Laboratory (BML), associated with the University of California at
Davis. Beth laboratories are equipped with Jaboratory space, seawater systems, and
other facilities suitable for the experlmental work proposed.

This effort will be led by Dr. Wire Kimmerar; other Principal investigators are Dr, Steve
Bollens (RTC) and Or. Bill Bennett (I~ML). Dr. Kimmerar was a member of the CALFED
Strategic Planning Core Team, which could represent a potential conflict of interest;
however, that role was advisory and at a very general level. Each PI will take the lead in
one or mere of the elements of the project, as described in Section 5.

Princiea; ;nvestiqaturs:

Dr, Wim Kimmerer. Senior Research Scientist, Romberg Tiburon Center. Dr.
Kimmerer received his Bachelor’s degree in chemistry from Purdue University and his
PhD in biological oceanography from the University of Hawaii. Dr. Kimmerer has
¢or~ducted research in Hawaii, Australia, several tropical Pacific islands, Alaska, end
California. Dr. KJmmerar’s research Interests include the influence of predation on
community structure, population dynamics of zeoplanl~ton and fish, the interaction of
plankton with their physical environment, and the influences of species introductions
and other human activities on estuarine environments. He has published several
papers on the influence of introduced species on the ecosystem of San Francisco Bay.
He is an expert on the effects of varying freshwater flow on the estuarine ecosystem, arid
has worked with various technical teams to resolve complex issues regarding
management of the estuarine ecosystem. He led a team ef agency and university
scientists studying interactions between circulation and movement of organisms in the
low-salinity zone of the estuary. He has also conducted extensive analyses and
modeling studies of the population dynamics of chinook salmon and striped bass in the
Bay and its watershed. He is Chair of the Interagency Ecological Pragrarn’s Estuarine
Ecology Team.
R~eoresentive eublieatLO~S:
Kimmerer, W.J., E. Gartside, and J.J. OrsL 1994. Predation by an introduced clam as

the probable cause of substantial declines in zooplankton in San Francisco Bay.
Marirte Ecology-Progress Series t13:81 93.

Kimmerer, W.J. and J.J. Orsi. 1996. Causes of long-term declines in zooplankton in the
San Francisco Bay estuary Since 1987. pp. 403~-24 in San Francisco Bay: The
Ecosystem. J.T. Hollibaugh (ed.). AAAS, Sen Francisco.

Dr, Stephen Bollens is Associate Professor, Department of Biology and Romberg
Tiburon Center for Environmental Studies, and Assistant Bean, Office of Research
and Sponsored Programs, San Francisco State University. He received his Ph.D, in
Biological Oceanography from the University of Washington in 1990, and spent two
years as a Postdoctoral Scholar (’90-g2) and 4 years as Assistant Scientist (’92-’96) in
the Biology JDepadment, Woods Hole Oceanographic Institution. Dr. Bollene’ research
interests include behavioral ecology, population dynanlics, and community ecology of
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zooplankton and fist~ee, and ecosystem dynamics of estuaries and coastal oceans.
Recent field sites have included San Francisco Bay, Puget Sound, Georges Bank, the
Bering Sea, the Arabian Sea, and the Antarctic Ocean, and have been supported by
funding agencies including NSF, ONR, and NOAA. Ha is currently a member of the
Interagency Ecological Program’s Eetuerine Ecology Team, the Romberg Tiburon
Center’s Board of Direotors, and the Moss Landing Madne Laboratories’ Board of
Governors, and has previously served on the Executive Committee, GLOBEC Georges
Bank/Northwest Atlantic Program (’93-’96), and Executive Committee, Bering Sea
Fisheries Oceanography Ceordinatad Investlgafions Program (’93-’96).
Reereseetative oublicatione:
BolMns, S. M. and B. W. Frost. 1989. Zooplanktivorous fish and variable

dial vertical migration in the marine planktonic copepod Calanus pacificus.
LimneL Oceanogr. 34: 1072-1063,

Bollens, S. M,, B. W, Frost, K. Osgcod, and S. D. Watts. 1993. Vertical
distributions and susceptibilities to vertebrate predation of the marine
cepepods Metridia lucens and Calanus pacificus. Limnal. Oceanogr. 38:
1841-1851.

Francis, R.C., R. Merrick, K. Aydin, and S.M, Bollens. 1998. Modeling and
Management Of the Bering Sea Ecosystem. In: "The Baring Sea: Physical,
Chemical and Biological Dynamics" (Eds: Laughlin, T. and K. Ohtany).
Fairbanks: University of Alaska Sea Grant Press.

Madin, L. P., S. M. Bollens, E. Horgan, M. Butler, B. K. Sullivan, G.
Klein-MacPhee, E. Durbin, A. G. Durbin, J. Runge. 1996. Voracious
planktonic hydroids: Unexpected predatory impact on a coastal marine
ecosystem. Deep-sea Res. 43: 1823-1829,

Dr, Bill Bennett, Assistant Research Scientist, U.C. Davis and the Bodega Marine
Laboratory. Dr, Bennett has more than ten years of research experience on the ecology
of Bay/Delta fish populations during which he has been a frequent collaborator with IEP
member agencies. This work includes identifying factors affecting the survival of larval
stdped bass and delta smelt, the interaction of larval fish behavior and hydrodynamics of
the Bay-Delta entrapment zone, and the effect of ocean conditions on the decline of the
striped bass population. Dr. Bennett has also worked as an Environmental Specialist for
the USEPA, completing a review of the potential effects of pesticides on Bay/Delta fish
populations and has been an active member of IEP’s Estuarine Ecology Project Work
Team (EET), and Contaminant Effects Project Work Team. Dr. Bennett has also worked
on various CALFED-related committees and has been a speaker at several workshops
on Bay-Delta resources, universities, and national conferences.
Rebresentive publications:
Bennett, W. A. and P, B. Moyle. 1996. Where have all the fishes gone? Interactive factors

producing fish declines in the Sacramento-San Joaquin Estuary, p. 519-542. /n J.
T., Hollibaugh led.l, San Francisco Bay: The Ecosystem, Pacific Diviaion,
American Association for the Advancement of Science

Bennett, W. A., D. J. Ostrach, and D. E, Hinton, 1995, Larval striped bass condition in a
drought-stricken estuary: evaluating pelagic food-web limitation. Ecol. Appl. 5:
680-692.
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BUDGET INFORMATION - Non-Construction Programs

SECTION C - NON-FEDERAL RESOURCES

10.

~2. TOTALS ~SLIr~ ~I li~ ~ ~.r~d ~)

"~’ 15. TOTAL ~sum of line~ 13 and 14) $248,667 $55r263 $’58,468 $62.468 $62~468

..~ Ia! Grant Pl~arl (b1 First (c) Second Id) Third Ie) Fourth

20. TOTALS (sum ot lines 16 - 19)



BUDGET INFORMATION - Non-Constr~ctlo~l Programs

SEC31ONA- BUDGET S~MMARV

or Activity Numl~e[ Federa~ No~-Feder~l Federal Non-Federal Total

2
3

4

[ 6. Object Class Categories G~RC~M,~NOR~ Total

~ d. Equipment 15,00~ $15,000
e. Supplies 15,00~ s15,000

h. Other 38,625 $38,625
i. To~l Direct Charges {sum of 6a-6h) 581,073 S581,073

7. Program I~ome



BUDGET INFORMATION- Non-Construction Programs

SECTION C - NON-FEDERAL RESOURCE~

10,

12. TOTALS (sum el lines 5 end 11)

~4. Non Federal

15. TOTAL (sum of lines 13 end 14) $248.667 $55~263 $68,468 $B2~458 ! $62~488

I~.) Gra~t Pra£1ram (b) First (c) Second {d) Third {e) Fourth

19.

20. TOTALS (sum or lines 16 - 19)
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ASSURANCES-NON-CONSTRUCTION PROGRAMS

Note; Certain of these a~sura_*xces may not be a~icable to your project or pra~, If you have quesfiom, p~e

1. H~ the legal authority to apply for Federal (e) ~D~gAbuseONce~dT~a~entActofl~

[~ancial capability (indud~g ~nd~ suffldent to distribution on the basis of drug abuse; (~ ~e

regulations specified in Appendix A of OPM’s pr~ect p~rposes ~gardless of Federal parti¢ipahon

Adm~tration (5 C.F,R, 900, Subpart F).
8, Wil~ com~ly with ~e provi*mm o[ the Hat~ Act (5

(a) Title VI of the Civil ~ Act of 1964 (P h 88- emplo~ent activities are ~unded ~ whole or M

Educotiou Amendments of 1972, ag amended (20 9. Will comply, as apphcaMe, wi& ~e prov~iom of

Section 5N ot the Rehab~itation Act of 1973, as 874}, the Contact Work Houm and safe~ St~rd*
amended(29 U.S.C. ~ 794)which prohibit Act (~0 U.S.C.~ 327-333) rega~glabor st~dards

bas~ ~ age;
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lO. Will comply, [f applicable, with the fbod insurance 13. Will assist the awardi~ag agency in
purpose requ~m~nm of Section 102(a) of ~e F!~d compl~ce ~i~ ~fi~n 106 of ~ Na~n~ Hi~tor~

mqui~ recipx~ts ~ a s~ecial flood h~z~rd are~ to ~70), EO 11~3 (identific~fion ~d

of violating facilities pursuant to EO 11738; (¢) et seq,) pertain~g ~o the care, handling,

M~agement Act of 1972 (16 U.S~C. ~fi I~i at s~.); Prevention Act (42 U.S.C. ~ 4801 et ~eq.) w~eh
(0 confo~i~ o~ F~deral ac~o~ to State (Cleae A~) prohibits ~e aae of lead b~d pa~t ~
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